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1923 
" 1. Wallach, 0., "Uber die KonstitutiolJ des Buccocamphers (Diosphenol) 
und seiner Homologen, sowie uber deren Abwandlung 11 in Dioxime 
der cyklischen Orthodiketone", Nachro Ges. Wisso Gottingen. 
Math. th~ik. Klasse, 85-88 (1923) L Chem.-zeKtro, I, 95 
1"'7"rr ( 924) J . -
Distillation of the aqueous solution resulting from 
the oxidation of carvenone (2-methyl-5-iso-propyl-5-
cyclohexen-1-one) with dilute ice-cold potassium perman-
ganate solution yields diosphenol (Bucco camphor or 
3-methyl-6-iso-propyl-1,2-cyclohexanedione)o The fact 
that when diosphenol is dissolved in potassium hydroxide 
solution and treated with the theoretical amount of 
hydroxylammonium chloride the corresponding 1,2-dioxime 
(3-methyl-6-iso-propyl-1,2-cyclohexanedionedioxime) is 
precipitated upon neu~ralizing the solution with carbon 
dioxide,indicates that a labile equilibrium exists between 
the mono-enol and diketo forms of such compounds. The 
above 1,2-dioxime is very slightly soluble in alcohol, 
readily soluble in alkali and melts at 197°. 
Some of the homologs of this 1,2-di.oxime have not yet 
been isolated; however, the homolog obtained from dibromo-
cyclohexanone is very similar to that of diosphenol. 
Dibromocyclohexanone upon being treated with hydroxyl-
ammonium chloride in alkaline solution yields crystalline 
1 
2 
0 1,2-cyclohexanedionedioxime which melts at 194-195 after 
recrystallization from boiling water. 
In the same manner the three monomethylcyclohexanones 
may be readily converted to the corresponding 1,2-dioximes 
which have the following melting points: 3-methyl-1,2-
cyclohexanedionedioxime, 166°; 4-methyl-1,2-cylcohexane-
dionedioxime, 180-181°; 5-methyl-1,2-cyclohexanedione-
dioxime, 185°. These 1,2-dioximes are hydrolyzed very 
slightly with sulfuric acid to give the unsaturated 
monohydroxyketone rather than the expected diketone. 
These 1,2-dioximes form complex compounds with the 
metal salts of Group VIII of the periodic system as would 
be expected since Tschugaeff has shown that alkyl deriva-
tives of glyoxime form insoluble complex compounds with 
nickel salts. He found that the red colored nickel 
compound of dimethylglyoxime was especially insoluble and 
recommended its use for the quantitative precipitation of 
nickel. The new 1,2- cyclohexanedionedioxime, even though 
being more soluble in water than dimethylglyoxime, gives 
an intense red colored complex compound with nickel salts 
which is less soluble in water than the corresponding 
nickel compound of dimethylglyoxime. One can detect 1 
gram of nickel in 400 liters of water with dimethylglyoxime, 
while with a 1:5000 aqueous solution of 1,2-cylcohexanedione-
dioxime one can detect 1 gram of nickel in 2000 liters of 
water. This new reagent is sensitive enough for very exact 
3 
quantitative determinations and can even be used to detect 
a trace of nickel in a solution of a cobalt salt . 
Details concerning the behavior of the cyclic 1,2-dioximes 
as well as details concerning the whole w·ork in general 
must await publication elsewhere in another communication. 
II 
2 . Wallach, 0., and Weissenborn, A., "Uber Diosphenol and homologe 
Verbindungen", Ann., 437, 148-186 (1924); L_c. A., 18, 
2337 (1924) c.f-:-G. A:-;-lo, 2210J. . - - -
The dioxime in water gives a deep red nickel salt, 
C12H18N404Ni, which is soluble in acids and is suitable 
for qualitative or quantitative determination of nickel. 
The reagent is sensitive in a dilution of 1:2,000,000 of 
N1S04 • Reduction of the dioxime with Zinc dust and 
potassium hydroxide, gives a base, (C6H9N) 2 , which may be 
a Phenazine CH2CH2CH"N:C·CH2CH2 
l \ I \ 
CH2CH2 ·c:N·CH·CH2CH2 
3. Feigl, F. "Die Eindeut1gkut und Empfindlichkeit analytischer 
Methoden in Abhangigkeit von komplexchemischen Facktoren", 
Z. angew, Chern., 393-396, (1926) . 
Both furildioxime(I) and 1,2-cyclohexanedionedioxime (II) 
have insoluble nickel salts , Both compounds, except (II) 
which shows considerable solubility in water, and other 
nickeldioxime analogs are more difficulty water soluble 
4. 
4 
than dimethylglyoxime in color and precipitation of their 
nickel salts and they are more sensitive as is shown by 
the limit of nickel detection. 
Feigl agrees with Wallach that the 1,2-cyclohexane-
dionedioxime is a better reagent for nickel than dimethyl-
glyoxime or furildioxime, but he argues that it was too 
expensive at that time. He discusses the origin of the 
group that makes special determinations possible because 
or their specific reactivity. He comes to the conclusion 
that bivalent metal specificity is due to the ortho-dioxime 
groups. Otherwise the paper deals in generalities rather 
thafl specific examples. 
II Wallach, 0., "Uber die Abwandlung der O~ime von Ortho-Diketonen 
in Pyrazine", Nachr. Ges. Wiss. Gottingen. Math. ph!sik, 
Klasse, 238-244 (192rr--L Chern. Zentr . , 192a;-!I, 2 77 ~· 
Through the reduction of the oxime of a simple ketone, 
one can finally arrive at the corresponding amine, RC:NOH~ 
RCH2NH2 . The partial hydrolysis which occurs simultaneously 
can be decreased when the reduction is carried out in 
alkaline solution rather than in acid solution. One might 
also expect that the preparation of o-diarnines would result 
from the alkaline reduction of the dioximes of the o-diketones: 
RC:NOH 
I ) 
RC:NOH 
5 
Indeed, some time a.go I observed1 from new experiments 
{1) 0. Wallach and A. Weissenborn, Ann., 437, 177 (1924). 
that when one reduces the eas:!.ly prepared dioxime of 1,2-· 
cyclohexanedione in alkaline solution with zinc, the 
reaction does not proceed in the expected direction. 
There was formed in this case only traces of the dlamine .• 
whereas much ammonia was evolv~d with the simultaneous 
formation of a colorless crystalline base which turns 
yellow even in air due to oxidation which is accompanied 
by partial resinification. 
An an~lysis of the freshly prepared, colorless compound 
led to the formula (c6H9N) 2 . The reaction sequence, as I 
interpreted it at that tlme, was that the cyclic dioxime 
first of all splits off one oxime group as ammonia whereupon 
the resulting monoxime is converted to the monoaminoketone 
which immediately undergoes a phenazine self-condensation: 
More recent research has now proved that the original 
interpretation was mainly cori'ect even though the assu."lled 
structure of the end pro duct must now be modified; a fact 
that will be subsequently discussed. 
6 
The course of the reaction in the reduction of the 
cyclic dioxime will now be discussed further. It was found 
in due time that the entire hypothesis that was made 
previously was justified. The reaction proceeds, first of 
all to the formation of a monoaminoketone, which then 
condenses with itself to give a very easily oxidized 
compound (c6H9N) 2 • This compound, however, 1s not to be 
considered as a dihydrophenazine, but as dihydropyra-
zine whose two very easily oxidized hydrogen atoms are 
not really on th~ carbons as previously assumed but 
rather are bound to the carbons. 
The reaction sequence is at once apparent if one 
assumes that the self-condensation of the a~inoketonss 
occurring in this and analogous reactions is preceded by 
an enol1zation. 2 According to this assumption the reaction 
(2) 0. Wallach and A. Weissenborn, Ann., 437, 152 (1924). 
Even the o-diketone tends to enolize yn-a very 
special manner. 
proceeds in the following manner: 
7 
The analysis of the colorless end products, whose 
characteristics have not been described, agrees well with 
the formula (c6H8N) 2 • 
The first condensation product ls reasonable since 
the beautiful crystalline dihydr•opyrazlne corresponds, i.n 
so far as ease of oxidation is concerned, to the well 
known analogous compounds which are obtained as inter-
mediates in the reduction of isonitrosoketones but which 
have not been as well characterized. 
Briefly the experimental eonditions for converting 
8 
the cyclic dioxime3 to the dihydropyrazine and then to 
(3) 0, Wallach and A. Weissenborn, Ann., 437, 180, 182, 183 
185 (1924). The earlier prepared higher homologs were 
prepared by a reduction just as was the dioxime of 
cyclohexanedione. 
the pyrazine and the properties of these compounds will be 
given. 
The large crystals of the originally. colorless 
dihydropyrazine, (c6H9N) 2 , turn yellow in a short time. 
The oxidation takes place in atmospheric oxygen, but is 
slow and incomplete. The oxidation goes faster, naturally, 
if the compound is exposed to oxygen in a finely divided 
state or in a solution. It then forms a deep, dark red 
compound. The oxidation can be hastened if one lets an 
acid solution of the base stand for a day with a strong 
oxidizing agent such as hydrogen peroxide or ferricyanide, 
filters the dark precipitate which is formed, and then 
precipitates any existing base in the solution by fractional 
neutralization with ammonia. This will be wasteful to be 
sure, but one can quickly obtain a colorless product if 
one steam-distills the base prepared in this manner, and 
extracts a portion of the solution with ether or chloroform. 
One can also obtain a purification if one dissolves the air-
dried base in a very small amount of benzene, and then 
precipitates the impurity by the addition of ligroin . 
Extensive decomposition and coloration accompanies the dry 
distillation of the base in an egg-shaped flask. 
5. 
9 
The pyrazine, derived fr•om t he hydr•ogen rieh co:r!pound 
in one way or another, has the formula (C0H N) , is 8 2 
0 colorless, stable in air, rnel~s at 108 , crystallizes 
from solvents (for example, either or diluted methanol) as 
large, clear prisms or plates, and is moderately soluble 
in hot water . A water solution gives an immediate crystalline 
precipitate when mixed with a concentrated solution of 
mercuric chloride but remains clear upon the addition of 
picric acid solution, whereas the unpurified preparations 
give immediate yellow precipitates wi t h picric acid. More-
over the well crystallized picrate, chloroplatinate, and 
chlorohydrate are readily soluble in water. 
II 
Treibs, A., and Dinelli, D., "Uber einige Pyrrolderivate mit 
angegliedertem isocyclischem Ring Bz-Tetrahydrindole 
und eye lopentelJOr:rrole 0 Isoni trosocyc lohexanon ", Ann., 
517, 160 (1935) C. A. 29, 4356, (1935)J. -
- ---
Treibs and Dinelli report the preparation of 
1,2-cyclohexanedionedioxime from cyclohexanone carboxcylic 
acid (1), or i ts ester. Four grams of (l) were dissolved 
in four milliliters of glacial acetic acid and six 
milliliters of water or ten milliliters of glacial acetic 
acid, and the mixture cooled to 5-10 °c . Sodium nitrite 
in water was added dropwise, which yielded 2-isonitroso-
cyclohexanone-1 and carbon dioxide . The 2-isonitroso-
cyclohexanone-1 was then converted to the dioxime with 
hydroxylamine hydrochloride . The melting point of the 
dioxime is 186°. 
10 
6 . Jaeger, F. M., and Van Dijk, J. A., "Preparation and Properties of 
Some Q-Diaminocyclohexanes", Proc. Acad. Sci. Amsterdam, 39 
384-393 (1936) L,c. A., 30, 634~193b) _r-
This paper deals with the preparation of cylcohexane-
oximes, but mostly concerns the mono-oximes . There are 
some dioximes prepared but only as one of many by-products . 
7. Sevag, M. G., and Maiweg, L., "Zur Kenntnis der Oxime und ihrer 
Hemmungswirkung auf Katalase", Biochem. Z., 288, 41-69 
(1936) L.c. A. 31, 718 (1937)J. - --
Oximes are powerful inhibitors of catalase . The 
inhibiting effect of dimethylglyoxime depends on the pH of 
the solution (greater at 1-2 than at 2 . 2-2.5). The max1mum 
inhibition of 1M HCl & 2M DH2 is greatest at a te~perature 
of 90-100° . 1-2 cyclohexanedionedioxime is just as effective 
and is not reversible because the dioxime oxidizes the 
enzyme. 
8. Jaeger, F. M., and Bijkerk, L., "Complex Salts of R.acemic and 
Optically Active Cyclohexane-1,2-diamines w~th Trivalent 
Cobalt and Rhodium. I. Transcyclohexane-1,2-diamine and 
its fission into opticall¥-active antipodes", Proc. Acad. 
Sci. Amsterdam, 40, (1937) L,c. A. 31, 4960 (1'93'7T~ 
From pure cyclohexanone(I), and cyclohexanoneoxalyl 
ester(II), the corresponding cyclohexanone-carboxylic 
0 0 
acid(III), b.P. 105 -106 , was obtained in yields of 42-52% 
of theoretical. (III) was then transformed to cyclohexane-
dione monoxime (IV) in 86% yields. (IV) and hydroxylamine 
0 
hydrochloride gave the solid dioxime, (V), rn.p. 187-189, in 
11 
small colorless crystals from water . The nickel salt of 
(V) gives a deep violet-red color. (V) reduced by excess 
sodium and absolute alcohol gave bases isolated as hydro-
chloride salts and liberated by potassium hydroxide. This 
gave three resulting fractions, (1) cyclohexamine, (2) 
diaminecyclohexane, and (3) a base different from Wallach's 
phenazine base. The remainder of the paper consists of the 
resolving of the optically active compounds thus created. 
9. Tokura, Niichiro, and Oda, Ryohei, "The Oxidative Ring-Splitting 
of Alicyc lie Compounds", BulL Inst. Phys. Chern. Research 
(Tokyo), 22, 844-849, (1943) L C. A., 43, 21'7'0(1949)7. 
The chlorination of cyclohexanone gave monochlorocyclo-
hexanone accompanied by di- and tetra- derivatives. Thls 
chlorination gave best results when carried out in water 
in the presence of calcium carbonate . (pp. 850-853) 
2-chlorocyclohexanone, when heated with potassium 
ethoxide, was converted to cyclopentanecarboxylic acid, 
0 b.p. 213-215 • In order to obtain 2-hydroxy-cyclohexanone, 
alkali carbonate or alkali acetate should be used. 2-
chlorocyclohexanone was converted to cyclohexanedione-
dioxime with hydroxylamine. 
10. 
12 
1945 
Rauth, E. G., Smith, G. F . , Banks, C. V., and Diehl, H.~ "The 
Synthesis of 1,2-cyclohexanedionedioxime (NioximeJ", 
J. Org. Chern., 10, 199-204, (1945) f:":c. !·, 39, 4059 (1945)J 
The various methods for the preparation of Nioxime (1), 
which because of its water solubility, may be a useful 
analytical reagent for nickel, are checked. According to 
the work of Riley and others, f:.c. A. 24, 4305 (1930)J, 
280 gms of Selenium-dioxide in 1500 ml. of 95~ ethyl 
alcohol is added at 70-80° to 350 gms cyclohexanone (2), 
over a period of two hours and refluxed for an additional 
two hours. The ethyl alcohol is distilled off, the residual 
liquid (3), is decanted from the solution containing the 
Se, the latter is washed with ether, the ether evaporated, 
and the residue added to (3). Distillation of (3) at 
25 mm. g!ves 200 gms. of a mixture of (2), 1,2-cyclohexane-
dione (4), and water. The mixture is diluted with one 
liter of ether and extracted with ice-cold 1~ KOH, and 
the alkali extract is washed with ether, acidified with 
ice-cold HCl, and extracted with ether. The dried ether 
extract, when distilled, gives 55 gms <Df ( 4), bp. at 25 mm . 
96-97° . An ice-cold solution of 225 gm~. of KOH in one 
liter of water is added dropwise to 55 gms. of (4), and 
170 gms . of hydroxylamine hydrochloride in 500 ml . of water, 
0 
cooled to 0 , and the mixture heated for two hours on a 
0 steam-bath cooled to 0 , neutralized with carbon dioxide, 
0 
and saturated with NaCl, 70% of the dioxime, mp. 187-188 , 
is obtained. The synthesis of (1) via the 2-isonitrosocyclo-
13 
hexanone (6), prepared according to Jaeger and van Dijk 
(£. A. 30, 6341) failed. (6) is however, obtained in 
81.~ yield according to a modified method of Pezold and 
Shriner (£.A. 27, 274). To a stirred mixture of one 
liter alcoholic sodium ethoxide (from 46 gn1s. of Na) and 
700 rnl. ether, cooled to -10-15°, a mixture of 200 grns 
of (2) and 350 grns of 2-ethylhexyl nitrite in 2.5 1. of 
anhydrous ether is added over a period of forty minutes. 
Stirring is continued for at least three hours, and the 
sodium salt, (7), of (6) is filter.ed off and washed with 
ether. When 104 grns of (5) in two Liters MeOH is added 
to 149 grns of (7) in one liter MeOH and the mixture is 
refluxed for 24 hours, (1), rnp. 189-190°, is obtained in 
an over-all yield of about 3~ . 
11. V~ne, Jean, "L 'Anhydride SthJnieux Agent Oxydant En Chirnie 
Organique", Bull. Soc. Chirn. France, L5J 12, 506-516, 
( 1945) L_c. A., 400661, ( 1946)J. -
This paper deals with the oxidizing power of Selium 
dioxide with cyclic ketones. It reviews the history of 
the agent in preparative chemistry and gives the method 
and condi tiona for the Rily oxidation of eye lohanone t -:· 
1,2-cyclohexanedione. 
12. Geissman, T. A., and Schlatter, M. J., "1, 2-Cyclohexanedione-
dioxirne.", (University of California, Los Angeles) J. Org. 
Chern., 11, 771-2, (1946) L_c. A., 41, 1623 (1946)_77 ---
13. 
14 
Contrary to the finding of Rauch et. al. (c. A. 39, 
4059}, the method of Jaeger, et. al. (£. A. 30, 6341}, 
gives satisfactory yields of 1,2-cyclohexanedionedioxime 
(I} when air is carefully excluded in the first step. 
When to 42 . 5 grn. 2-carbethoxycyclohexanone in 200 cc. of H20 
containing llg. or NaOH, 18.2g. of NaNOF in 50 cc. of 
H20 is added with exclusion of air, the mixture then 
shaken 48 hours at room temperature and the pale yellow 
0 
solution, cooled to 0 1 is acidified with a small excess 
of 6 . N H2so4 , 8~ 1,2-cyclohexanedione mono-oxime~ (II), is 
extracted with ether after standin,g 30 minutes. When a 
solution of NH20H prepared by adding the theoretical 
amount of MeONa in 150 cc. MeOH to 23.2g. NH20H·HC1 in 
50 cc. of H20 is added to 28.5g. of II and the mixture is 
allowed to stand at room temperature for 24 hours and 
then several hours at 0°, 6o,i (I), mp 189-190°, is obtained. 
Johnson., W. C.~ and Simmons, M., "1,2-Cyclohexanedionedioxime 
(NioximeJ as a Reagent for Nickel.", (16-17 Cross St., 
Halton Garden, London), Anaqst, 71, 554-6 (1946) L_c. A. 
41, 1169 (1947}~ - -
Wallach (C. A. 18 2336) found that this dioxime, which 
is given the name nioxime, is more sensitive toward Ni++ 
and is more soluble in H20 than is the much used dirnethyl-
glyoxime. This statement was verified . It is similar to 
dirnethylglyoxirne . and can be used even more widely for the 
determination of Ni. On the other hand the precipitate 
does not crystallize well, carr~es down impurities with it, 
15 
and gives results that are too high in the gravimetric 
determination. The red color that the reagent gives with 
Ni++ after oxidation with Br2 can be stabilized with gum 
arabic and is very suitable for the colorimetric determina-
tion. The solution used for the measurement should contain 
about .3 mg. of Ni. 
14. Griffing, M. and Mellon, M. G., 11Colorimetric Determination of 
Iron with Various Dioximes 114 (Purdue Univ., La.fayette~jnd.), Anal. Chern . ~, 1017-20 ( 19 7) £:c. A. 42, 838, ( 1948 J • 
Numerous oximes were studied. Among these was (IV), 
1,2-cyclohexanedionedioxime. All four gave strongly colored 
complexes with Fe++ in the presence of an excess of 
NH40H and NH20H·HC1, but none was sufficiently stable to 
be used for the colorimetric determination of Fe without the 
addition of a stabilizing agent~ For this purpose Na2s2o4 
is recommended. Butane-dionedioxime (I) and (IV) are 
about equally sensitive and compare favorably with such 
, 
well known reagents as 1,10-phenanthroline and 2,2-
bipyridine, but are much less stable and such drastic 
conditions are required for color development that all 
common cations except those of the alkaline earths and 
NH4 interfere. To carry out a test, take a sample 
containing about six mg. of Fe. Dissolve in a suitable 
reagent and remove ions that precipitate at pH 9.5. 
16 
Dilute to 100 ml., mix, and take a 5 ml. aliquot in a 50 
ml. volumetric flask, add 3 ml. of reducing agent (lOg. 
Na2s2o4 ~ 100 ml. of concentrated NH40H and 50 ml. of 
H20) and 0.5 ml. of 1% solution of (I) or (IV). Allow 
to stand 15 minutes, dilute to vol., and take transmittancy 
reading at 529 m.u. for former reagent and at 541 m.u. 
for (IV). Visual comparison with colors produced by known 
quantities of Fe is also satisfactory. 
15. Wenger, P. E., Mol\nier, D., and Rusconi, Y., "An Inorganic 
Semiquantitative method of analysis : Determination. of 
Chromium and Nickel", (Univ. Geneve, Switzerland), Anal 
Chim. Acta l, 190-200 (1947) ~c. A. 42, 6699, (1948)_7. 
A simple and very rapid method is based on determining 
the limits of dilution and sensitivity for detecing ions 
with sensitive and specific organic re~gents. After 
curves and tables have been prepared by testing a series 
of systematic dilutions of known quantities of an ion, 
the approximate quantitative composition of an unknown 
material can be quickly determined. Several diffe~ent 
reagents of different sensitivities are usually employed. 
For Cr, the reagents recommended are gum guaiacum (blue ppt.), 
strychnine (rose coloration), and diphenylcarbizide 
(violet coloration); for Ni, 1,2-cyclohexanedionedioxime 
(rose ppt.), dithiooxamide (blue coloration), and ammonium 
mercurithiocyanate (greenish ppt.). The dilutions are 
made on spot plates and the tests are carried out either on 
spot plates or filter paper. (Cu, As, Sn, Sb, V interfere). 
17 
1948 
16. Peltier, Simmone, Duval, Therese, and Duval, Clement, 11Critical 
Study of the Cations 11 , Anal. Chim . Acta, (French), 2, 301-6 
(1948) L,c. A. 43, 3313-;-rf9~ J . -
New analytical reagents and reactions proposed during 
the period 1937-47 have been tested systematically in 
preparation for the 4th Report of the committee of the 
union Internationale de Chimie. The dioxime of 1-2 
cyclohexanedione is recommended for Ni in preference 
to dimethylgloxime because it is more Oluble 1:n H20, 
reacts at a lower pH, and permits a greater dilution. 
Interference from Bi~++ and Fe+++ can be prevented by 
tartrate and that from Cu by an ammoniacal solution. Co 
gives a brown coloration and pr•ecipitates with Ni in an 
acid solution, but a separation can be made in ammoniacal 
NH4Cl solution. Pd gives the same reaction as Ni . 
17. Peshkova, V. M., Vedernikova, M. · I . , and Gontaeva, N. I., 11Forma-
tion and Properties of l-2 c;yclohl:xanedionedioxime 11 , ryr. 
Anal. Khim., 3, 366-72 (1948) L,c. A. ~-3, 8938, (1949 • 
To 70-80 ml. of aqueous nickel sulfate add methyl 
orange, heat to boiling, add 12-15 ml. of .5% aqueous 
solution of 1,2-cyclohexanedionedioxime and enough 
ammonium hydroxide to bring out a yellow color. After 
1-1.5 hours, filter through glass filter, wash and dry 
at 110°- 120°. In an excess of NH40H, the precipitate 
is colloidal but quick~y coagulates upon addition of NH4Cl 
or NH4No3 . A three to four fold excess of reagent has no 
effect on the completeness of precipitation. In the 
18 
presence of much znso4 (0.5g), add to the solution, 2g. 
of NH4Cl, enough 25~ NH40H to clear the solution, 5 rnl. of 
0.5~ reagent solution, and finish as before . In the 
presence of Co, add to the solution 0 . 25 grn. of sodium 
acetate to give a pH of approximately 3 . 25 and determine Ni 
as if it were alone. When the ratio of Ni : Co is 
1:10-1:100, four times the theoretically required reagent 
should be taken; if the Ni:Co ratio is 1:200, 6-7 times 
of the theoretically required quantity should be used. 
If iron is present, it can be either fixed as tartrate 
in medium alkali to litmus or precipitated with NaF to 
prevent interference with the Ni determination . 
18. Voter, R. C . , Banks, C. V. , and Diehl, H . , "1,2-Cyclohexane-
dionedioxirne--a Reagent for Nickel",!.Iowa State College, 
Ames) Anal. Chern . , 20, 458-9 (1948) .£. A. 42, 4864 (1948)J. 
The new reagent which can be called Nioxirne, gives 
scarlet and yellow precipitates with N1(II) and Pd(II) as 
does dirnethylglyoxirne . It has the advantage of being 
soluble in water and the disadvantage of being a stronger 
reducing agent. Precipitation of nickel is complete at 
a pH of three or higher, but there is a slight coprecipita-
tion of the reagent which causes a slight positive error as 
the precipitate does not contain the theoretical 17 . 21~ of 
nickel. Cu(II) gives a brown color with some coprecipitation. 
No satisfactory way of separating Fe(II) from Ni(II) could 
19 
be found. The reagent reduces ferric iron to ferrous 
iron# and the latter forms a very stable complex with 
the reagent# and tends to prevent the complete precipita-
tion of nickel. The results are good in the p~esence of 
various other ions. 
19. Voter# R C.# Banks# C. V., and Diehl# H"# "1.~~2-Cyclohexanedione­
dioxime# a Reagent for Palladium", (Iowa State Colle~, Ames) 
~· ~· 20, 652-4 (1948) L,c. A. 42, 6698 (1948)_;. 
Nioxime (c. A. 42# 4864) gives a yellow precipitate 
with Pd(II) which is insoluble in water and dilute acids. 
To 5-20 mg. of Pd in about 200 m1. of a warm solution at 
a pH of 1-5, add slowly an 0.8~ solution of Nioxime until 
0.43 ml. of solution have been added for each mg. of Pd. 
Digest for thirty minutes at 60°, filter, wash with 
hot water, dry at 110°, and weigh. The precipitate 
contains 27.43~ Pd. The results are very accurate. 
20. Mathews, John Jr., and Diehl, H., "The Reaction of Ferrouij 
Iron with Nioxime", Iowa State Coll. J. Sci., 23, 279-87 
(1949) L.c. A. 43, 6932, (I949)J. - - -
Nioxime, like some other 1,2 dioximes, produces a 
red or violet color with ferrous iron. Ammonia or an 
amine is necessary for the production of the color. 
N2H4, NH20H, H2NCH2CH2NH2, and (CH2)SN4 were used in the 
investigation. Amines insoluble in water are not suitable. 
One part ferrous iron can be detected in 1.8 x 107 with 
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the nioxime-ethylene-diamine complex. Spectral distribu-
tion curves were determined by the use of a photometer 
at 540 mu with a band width of 5 mu, the molecular 
extinction coefficients of ferrous iron-nio~ime were: 
with NH3, 6988; with N2H4, 8639; with ethylenediamine, 6490. 
Percentage transmittancy at 540 mu in the ferrousnioxime-
ethyle ne-d1am1ne complex at pH varying from 10.5-7.5 was 
determined. Transmittancy increased rapidly as pH was 
decreased below 9.5. With 2 x 104M for the combined con-
centration of ferrous iron and nioxime, transmittancies 
were measured with mole fractions of nioxime varying from 
0 to 1. By the method or computation used by Job (£. A. 22, 
2120), the formula is Fe(nioxime) 2 • Migration experiments 
show that the colored complex is an anion. The complex 
with ammonia or with ethylene-diamine acts as an indicator 
for oxidation-reduction reactions. On exposure to air, 
oxidation changes the color slowly to yellow. When 02 
is bubbled through in fine bubbles the ethylene-diamine 
complex is decolorized in ten minutes and the ammonia 
complex in less time. In the case of the complex with 
ethylene-diamine, bubbling purified N2 through the 
solution decolorized by o2 partially restored the color. 
Apparently 02 is reversibly absorbed by thia complex 
in an aqueous solution. 
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21. Voter, R. c. , and Banks, C. V., "Water-soluble, 1,2-dioxirnes as 
Analytical Reagents", {Iowa State College, Ames) Anal. Chern., 
21, 1320-3 (1949) L_c. A. 44, (1950)J. - -
Of six supposedly water soluble 1,2 dioxirnes tested, 
only 1,2-cyclohexanedionedioxirne (1) and 1,2-cyclopeptane-
dionedioxirne (II) are sufficiently soluble to replace 
dirnethylglyoxirne in analysis. (II) gives a yellow precipitate 
with Ni(II) and precipitation is complete at pH 2.7 or higher-. 
Ni can be determined in solutions containing acetate, nitrate, 
and thiocyanate anions and in the presence of Al, Cr, Mn, 
V, Pb, Mg, Zn, Cd, As, Sb, Be, Fe, Ti, Mo, Co, Bi, and Cu. 
To determine Ni in steel, dissolve the sample in a suitable 
mineral acid, decompose carbides with HN03 , add HC104 and 
evaporate to fumes. After gentle boiling for 15 minutes, 
cool, add 50 rnl. of H20, boil and filter off Si02 • Wash 
with 1~ HC~ and then H20. Add an excess of 33.3~ citric 
acid solution and 2~ sodium acetate solution if Pb is 
present. Add 1~ Na2so3 solution and NH4CNS solution and 
an excess of saturated solution of II. Filter, wash, dry, 
and weigh. The precipitate contains 15.~ Ni. 
22. Feinstein, H. I., "Identification and Microdetermination of 
Nickel in the Presence of Iron and by Means of 1-2 cyclo-
hexanedionedioxirne", (National Bureau of Standards, Washing-
ton~ D. C.)~ Anal. Chern., 22, 723-4, (1950) r-c. A. 44, 633~, (1950(_j. - - L ;_ - -
Voter, Banks, and Diehl (£. A. !!,g_, 486~h) showed that 
the new reag.ent, nioxime, gives good results in determining 
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Ni but they were unable to get satisfactory results in 
the presence o~ Fe. It is now shown that the interference 
of Fe can be overcome by making slight changes in the 
procedure. Thus, excellent results were obtained in the 
analysis of steels containing 1.1-~ Ni. Treat the sample 
as in the dimethyl glyoxime method. Finally at a volume 
of about 250 ml. and at room temperature, add 20 ml of 
tartrate solution (250g. tartaric acid and 10 ml. HN03 per 
L.) per g. of Fe present, neutralize with NH40H (a slight 
excess does not harm) and at room temperature add 8 ml. of 
.~ nioxime at 60° for 40 minutes, filter, ·dry, and weigh. 
The results are a little high (e.g. 9.18% instead of 8.99) 
after a single precipitation a second precipitation can be 
made by filtering through paper, digesting the filter, 
precipitating with H2so4 and HN03 and then treating as 
before. 
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